. We report those and ancillary results here.
Materials and Methods
Plant Material.
Raphanus sativus L. "White
Icicle" (radish) seeds were from W. Atlee Burpee (Warminster, PA). The dry seeds were surface-sterilized by soaking in Clorox for 5 mm, after which they were rinsed five times with H20. Three layers of filter paper in a 10-cm petri dish were moistened with 4.5 ml H20. Seeds, 25/dish, were placed on the moist paper, and the petri dish cover was added. Incubation was in darkness at 25'C for 44 hr, after which seedlings were harvested and used as described below. : et al., 1985) . Assays were conducted with and without PEP.
Root-hair
For these saturation velocity assays, Mg.complexed and free species were not distinguished (see Outlaw, 1990; cf. 'lIrczynski and Outlaw, 1990) . The assay cocktail did not include the lactate dehydrogenase (see Meyer et al., 1988 ) that is necessary for highest accuracy, which was not needed in this study.
Ultrastructure and Growth
Light microscopy revealed differentiation of trichoblasts approximately 1-2 mm from the root tip. As reported elsewhere (Bonnett and Newcomb, 1966; Dawes and Bowler, 1959) , the initial protuberance was densely cytoplasmic (Figure 2) . In our samples, Golgiderived vesicles accounted for 17.6% ofthis "cytoplasmic cap:' Roothair growth was rapid (over the range 50-300 tm, length = 49.8 im + 65.7 im-hf1, in the presence of PEP ( Figure  4) . Root hairs (dry mass -1.9 ng) were assayed individually.
The upper consolidated trace (n = 3) was a minus-substrate control.
Discussion
Malate plays essential roles in many facets ofplant metabolism (see Introduction).
Therefore 
